INTRODUCTION {#sec1-1}
============

Cervicothoracic spinal cord ependymomas are rare neoplasms, noninfiltrative lesions, characterized by a cleavage plane from the spinal cord and therefore, considered resectable. MRI is the gold standard in the diagnosis of spinal ependymomas. However, differential diagnosis between spinal ependymoma and infiltrating tumors, such as astrocytomas, may be a diagnostic dilemma on conventional magnetic resonance (MR) imaging.\[[@ref1][@ref11]\]

MR diffusion tensor imaging (DTI), is an MR technique that evaluates the diffusion of water molecules within the white matter fibers. Fiber-tracking (FT) algorithms allow reconstruction of three-dimensional (3D) images of white matter in the spinal cord, enabling the assessment of his involvement and evaluation of the relationship between the neoplasm and the white matter tracts, playing a helpful role in surgical planning.\[[@ref2][@ref3][@ref7][@ref8][@ref9][@ref10][@ref13]\]

We present a case of a young female with an extensive cervicothoracic spinal ependymoma, in which DTI with 3D fiber-tracking reconstructions was a powerful tool for the diagnosis.

To our knowledge, there are only few reports that emphasize the role of MR diffusion tensor tractography with 3D fiber-tracking reconstructions in the assessment of cervicothoracic spinal ependymoma.

CASE REPORT {#sec1-2}
===========

A 27-year-old woman with a 2-month history of acute urinary retention was admitted to our institution on February 2016. Her symptoms started with weakness and numbness on the left lower limb with progressive involvement of the upper left limb and the right lower limb.

Laboratory tests did not show any significant alterations. Patient underwent spine MR imaging.

MR evaluation was performed on a 1.5 Tesla MR Scanner (Philips Ingenia Philips, The Netherlands, Best). Morphological sequences included a TSE T2-weighted in axial, sagittal, and coronal plane (TR/TE = 3000/120 ms with a slice thickness of 3.5mm for sagittal and coronal planes and 6mm slice thickness for the axial one); a sagittal TSE T1-weighted (TR/TE = 500/9 ms with a slice thickness of 2.5mm) before and after gadolinium administration (15ml of Gadovist; 0.1 mmol per kilogram of body weight). Diffusion data were also acquired by using a DWIBS sequence (TR/TE = 3299/68 ms, 5 mm thickness, no interstice gap, b = 1000 s/mm^2^), and a DTI with 32 different diffusion gradient with a b = 1000 s/mm^2^ (TR/TE = 4299/91 ms, voxel size = 2 mm × 2 mm × 2 mm). ADC map was also created. No interslice gap was used in any of the abovementioned sequences. MR diffusion data for tractography were processed after motion correction and eddy current-induced distortion correction. Tractography and 3D rendering were performed with DSI Studio software (<http://dsistudio.labsolver.org>).\[[@ref14]\]

MR conventional imaging showed an extensive cervicothoracic spinal mass with longitudinal size of 145 mm and axial maximum size of 11 mm. The mass extended from C2 to T3 and was characterized by a solid part slightly hyperintense on T2-weighted images and hypointense on T1-weighted images; some cystic components and a small amount of late subacute bleeding inside the neoplasm were also detected (methemoglobin) \[[Figure 1](#F1){ref-type="fig"}\].

![Spinal cord MRI of a young patient affected by an extensive cervicothoracic spinal ependymoma. (a) Consecutive sagittal T2-weighted images show a cervicothoracic spinal ependymoma with a solid part (arrows), some cystic parts (arrowheads) and a small amount of late sub-acute bleeding inside the neoplasm (methemoglobin) (empty arrow). Note the syringomyelia at T6-T9 level (a' -- empty arrowhead). Note also caliber change of the spinal cord at C2-C3 level and moderate widening of spinal canal. (b) Sagittal noncontrast T1-weighted shows a cervicothoracic spinal ependymoma with a solid part (arrow), some cystic parts (arrowhead), and a small amount of late sub-acute bleeding inside the neoplasm (methemoglobin) (empty arrow). (c) Sagittal post-contrast T1-weighted image shows the cervicothoracic extension of ependymoma\'s solid part. (d) Sagittal DWIBS-MIP reconstruction, (e) sagittal ADC map and (f) fused T1-weighted/DWIBS images show a high restriction of diffusion a the level of ependymoma\'s solid part, respectively high, low and high (red) signal intensity. (g) Sagittal T2-weighted images show, at C6-C7 and (g') C5 level, white matter peripheral displacement surrounding ependymoma (empty arrows) and a small intralesional cyst (arrowhead), respectively](SNI-8-56-g001){#F1}

Contrast-enhanced T1-weighted images showed a significant degree of lesion enhancement \[[Figure 1c](#F1){ref-type="fig"}\]. MRI showed also syringomyelia at T6-T9 level and caliber change of the spinal cord at C2-C3 level with moderate widening of spinal canal.

DTI FT of the spinal cord showed that neoplasm did not infiltrate the spinal cord with a disruption of axonal tracts. Moreover, DTI FT showed the sparing of white matter fiber tracts by the neoplasm and the peripheral displacement of fiber bundles \[[Figure 2](#F2){ref-type="fig"}\]. In particular, sagittal color-coded fractional anisotropy (FA) map with spinal cord tractography overlaid showed different point of fiber displacement by the neoplasm, rather than infiltration. Sagittal color-coded FA map, FA map, and ADC map, showed low intensity values corresponding to an high cellularity lesion, centrally placed \[[Figure 2](#F2){ref-type="fig"}\].

![Spinal cord MRI tractography of a young patient affected by spinal ependymoma. The panel shows no infiltration of the spinal cord but rather cord fibers peripherally displacement. (a and b) Sagittal post-contrast T1-weighted images, without (a) and with (b) spinal cord tractography overlayed, show the extension of ependymoma\'s compact part. Note the change in caliber of spinal cord at C2-C3 level. (c-e) Sagittal color-coded fractional anisotropy (FA) map (c), FA map, (d), and ADC map (e), show low intensity values (arrows) corresponding to the ependymoma, centrally placed. (f-i) Sagittal color-coded FA map with spinal cord tractography overlaid shows different point of fiber displacement (arrows), rather than infiltration, by ependymoma. Images h, i, and l were obtained by using a "virtual cut" of part of the spinal cord fibers obtained respectively at C3-C4 (h) and C2-C3. (i,j) levels. (l) Axial color-coded FA map with spinal cord tractography overlaid and (k) T2-weighted images at C2-C3 level shows white matter peripheral displacement surrounding ependymoma. Arrow indicates fibers lack in the central part of spinal cord, caused by a central position of the neoplasm](SNI-8-56-g002){#F2}

By using a manipulation of the 3D FT output data, we performed a "virtual cut" of part of the spinal cord fibers, obtained at C2-C3 and C3-C4 levels respectively \[Figure [2f](#F2){ref-type="fig"}--[i](#F2){ref-type="fig"}\], showing properly that white matter fiber tracts were peripheral displaced, surrounding the lesion, without any apparent sign fibers interruption. On these bases, the raised suspect of intramedullary cervicothoracic ependymoma became stronger and the patient underwent spinal surgery.

Surgical treatment {#sec2-1}
------------------

The patient underwent a C2--T5 laminectomy through a posterior approach. Once the dura was opened, the spinal cord appeared compressed, bulging through the dural opening. A central myelotomy D2--D4 was performed. After the myelotomy, a mass with a caudal and cranial identifiable cleavage plane was found, as previously shown by tractography which was used during the presurgical planning.

The tumor was brownish colored, soft, highly vascularized, and due to the cleavage plane from the spinal cord was easily removed "*en block*." The length of the tumor was 145 mm. Optimal decompression of the spinal cord was achieved. Electrophysiological monitoring of motor, somatosensory evoked potentials and D-wave was performed. The patient underwent C3--D2 stabilization with a titanium Vertex Medtronic system.

Histopathological findings {#sec2-2}
--------------------------

Sections of the tumor microscopically showed a glial neoplasm characterized by a lot of cells with rounded nuclei, perivascular pseudorosette formations, ependymal canals, and ependymal rosettes \[[Figure 3](#F3){ref-type="fig"}\].

![Histological appearance of spinal ependymoma. Histological examination reveals a tumor composed of glial cells with oval nuclei and fibrillary processes arranged in perivascular pseudorossettes (Hematoxylin and eosin stain; original magnification, ×100)](SNI-8-56-g003){#F3}

Few foci of coagulative necrosis were also detected. Immunohistochemical analysis showed neoplastic cells positive for GFAP, S100, and EMA (dot-like), and negative for IDH1, R132H, and p53. The Ki-67 labeling index was 2%. The final pathologic diagnosis was an ependymoma WHO grade II.

DISCUSSION {#sec1-3}
==========

Intramedullary ependymomas are spinal cord tumors arising from the ependymal cells of the central canal, and are characterized by a cleavage plane from the spinal cord due to a concentric growth.\[[@ref1][@ref10]\] Ependymomas are the most common intramedullary tumors, usually located in the lumbar region (conus medullaris, filum terminalis, and cauda equina), followed by astrocytomas, which are more common in the cervicothoracic region.\[[@ref11]\] Together, they account for the 95% of intramedullary neoplasms.\[[@ref11]\]

MRI is the "gold standard" for the noninvasive differential diagnosis between these two intramedullary tumors because it has a key role in distinguishing noninvasive neoplasms, such as ependymomas, from diffusely infiltrating tumors, such as astrocytomas. Nonetheless, a proper diagnosis based only on conventional MRI is often challenging. Advanced MRI techniques, such as DTI FT, have been widely used in the last decade to provide further useful information in tumor characterization and in presurgical planning. DTI is an MR technique which evaluates the diffusion of water molecules within the white matter fibers. By means of this evaluation, it is possible to obtain FT data 3D reconstruction of spinal cord white matter, and to investigate spinal cord structural damage and/or tumor infiltration. Interestingly, only few reports emphasize the role of DTI in the assessment of cervicothoracic tumors and its presurgical role.\[[@ref2][@ref3][@ref7][@ref8][@ref9][@ref10][@ref11][@ref12][@ref13]\]

Setzer *et al*. in their retrospective study, investigated the predictive value of DTI imaging in the assessment of intramedullary spine tumor resection compared to intraoperative surgical findings, evaluating the fiber course in different types of spinal tumors with DTI tractography. This preliminary study suggested that DTI tractography was able to predict the resectability of the lesion.\[[@ref9]\] Lerner *et al*. described different clinical applications of DTI tractography in the evaluation of spinal cord, showing a case of small ependymoma and highlighting the diagnostic role of this technique.\[[@ref6]\] Egger *et al*. studied with DTI 3 cases of ependymoma, finding only in 2 of them a displacing of the fibers, while in the third patient, it was not possible to define a clear tractographic pattern since ependymoma presented hemorrhage in his context.\[[@ref5]\]

Ducreux *et al*. showed DTI findings in five cases of spinal cord astrocytoma, suggesting that this technique could be used for assessment of solid astrocytomas due to the visualization of irregular course of "*warped*" fibers.\[[@ref4]\]

Our case showed DTI findings in a cervicothoracic intramedullary ependymoma with a large extension from C2 to T3. Despite the size of the lesion, and the late subacute bleeding component in his context, DTI easily showed different points of fibers displacement rather than infiltration. DTI was able to show not only the white matter fibers peripherally displaced but also the integrity of these fibers and the lack of them in the central portion of spinal cord because of neoplasm\'s central position. DTI was helpful to make the correct diagnosis of intramedullary ependymoma, which was histologically confirmed after surgery, and showed during the presurgical planning the possibility of obtaining a cleavage plane during surgery.

There are few reports that clearly explain the tractographic semeiology of intramedullary spinal cord neoplasm, especially when a mass involves such a long cervical and thoracic segment. In our case, we find DTI FT helpful in differential diagnosis between infiltrative and noninfiltrative masses and in presurgical planning. Therefore, we suggest the use of this advanced MRI technique, together with the conventional MRI, to perform a more accurate evaluation of any spinal cord tumor.

CONCLUSIONS {#sec1-4}
===========

DTI findings reported in this case suggest that this technique can be useful in the differentiation of spinal ependymomas from other more aggressive lesions, also in extensive cases, playing a strong role not only in the diagnosis but also in neurosurgical planning, for both biopsy or resection.
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